Currently, the standardization of fifth-generation mobile communication system (5G), which realizes 10 Gbps transmission, is in progress. In mobile communications, it is generally difficult to perform high-capacity transmission because of channel fading. Therefore, an adaptive resource allocation scheme based on users' channel conditions is adopted to enhance the system capacity. Recently, it has been shown that a non-orthogonal multiple access scheme can achieve a higher system capacity than orthogonal multiple access scheme. However, anticipating a continuous increase in mobile traffic, it is desired to further enhance the throughput of non-orthogonal multiple access scheme. Therefore, we propose an application of code division multiplexing to non-orthogonal multiple access scheme using successive interference canceler to improve the throughput performance. The improved performance is demonstrated through numerical simulations.
Introduction
Recently, the mobile traffic has increased 3.5 times in 3 years from 2012 to 2015.
1 This increase in mobile traffic is expected to continue and is expected to reach more than 1000 times in 2020 compared to 2010. In addition, the word Internet of Things (IoT) penetrates recently, and it is expected that everything around us will communicate in the future. Thus, the standardization of fifth-generation mobile communication system (5G), which accommodates this expanding traffic, is in progress. Figure 1 shows the performance index of 5G wireless access network. 2 For comparison, the performance index of 4G (IMT-Advanced) is also shown. 3 It is supposed that the 5G accommodates a great variety of communication systems, and it is necessary to limited frequency resources for communication is an important factor to realize 5G. 3.9 and fourthgeneration mobile communication systems, named as long-term evolution (LTE) and LTE-Advanced, respectively, use orthogonal frequency division multiple access (OFDMA) as the downlink multiple access scheme. 4 Because the OFDMA scheme uses subcarriers that are orthogonal to each other for the transmitted data, there are no interferences between the subcarriers, and OFDMA has a tolerance for frequency-selective fading because of multicarrier transmission. However, there is a need for further improvement of multiple access scheme in order to realize mobile communication system that accommodates mobile traffic expected in near future. Hence, non-orthogonal multiple access (NOMA) scheme is considered as a promising candidate for new multiple access schemes. 5, 6 In orthogonal multiple access (OMA) scheme such as OFDMA, there are no interferences between users because base station (BS) allocates one user for each subcarrier. However, in the NOMA scheme, multiple users are multiplexed in the power domain for one subcarrier. This leads to interferences between multiplexed users. Figure 2 shows the principle of the NOMA scheme. In the figure, the BS allocates more than one user in each subcarrier in downlink. In the allocation, the users who have different channel gains are selected, for example, near user and far user. The user having low channel gain (far user) is allocated with higher levels of transmission power than the user having high channel gain (near user). The BS then transmits the superimposed signal. At the receiver side, a successive near user first decodes the far user data, subtracts it from the received signal, and then decodes his or her own data. 7 In contrast, at the far user, the near user signal in the received superimposed signal is sufficiently attenuated because of the lower allocated power and low channel gain, and thus, the far user can just decode his or her own data. It is known that the system throughput can be increased using the NOMA scheme instead of the OMA scheme.
Other than the power-domain NOMA described above, there are some techniques realizing NOMA, that is, spreading-domain, code-domain, and interlearverdomain NOMA schemes. 8 In code-domain NOMA, low-density signature (LDS) 9 and pattern division multiple access (PDMA) 10 have been proposed. However, a sensitive design of spreading matrix is needed in these schemes. As a combination of power-domain and codedomain NOMA, power-domain sparse code multiple access (PSMA) has been proposed for throughput enhancement. 11 However, a complex design of code matrix is still needed and the decoding complexity increases in PSMA.
Fuwa et al. 12 have proposed a code division multiplexing (CDM)-OFDMA in which the frequency diversity effect is obtained for the allocated subcarriers by code-spreading in the frequency domain. Adopting this principle, we proposed an application CDM to the NOMA-SIC scheme for throughput performance improvement in Kitagawa and Okamoto, 13 and it was shown that the throughput enhancement was obtained compared to the conventional NOMA scheme. This NOMA-CDM-SIC uses a simple spreading matrix such as Walsh code matrix, and no additional structure other than spreading/despreading operations is required in scheduling and decoding. However, the scheduling algorithm in Kitagawa and Okamoto 13 was rather simple and more performance improvement was expected. In addition, the user fairness was not considered. Therefore, in this article, we propose a NOMA-CDM-SIC scheme with improved scheduling algorithm to further enhance the performance of NOMA in terms of throughput and user fairness, and show its performance by numerical simulation. This article is organized as follows. Section ''Downlink NOMA system'' describes the downlink NOMA system with successive interference cancelation (SIC). The details of the proposed NOMA scheme with CDM is described in section ''Proposed NOMA scheme using CDM,'' and the numerical results are shown in section ''Numerical results.'' Section ''Further improvement of scheduling algorithm'' describes about the advancement of scheduling algorithm for NOMA scheme. Finally, section ''Conclusion'' presents the conclusion.
Downlink NOMA system Figure 3 shows the concept of downlink NOMA system. In the downlink from the BS to user equipment (UE), BS allocates users in each subcarrier while taking into account the proportional fairness (PF). In the NOMA scheme, more than two users can be allocated in one subcarrier, while allowing interference with each other. In the example of Figure 3 , UE1 and UE5 are superposed in subcarrier 1, and UE2 and UE4 are superposed in subcarrier 3. Throughout this article, we assume a multiple-input-multiple-output (MIMO) spatial multiplexing transmission, in which the number of transmit antennae in the BS and receiver antennas in UE are N t and N r , respectively. There are K users per cell, and S subcarriers are used for multiuser transmission. Each of the S subcarriers uses OMA or NOMA. In this article, the maximum number of nonorthogonally multiplexed users is m s . The BS selects a set of users, U s = i s 1 ð Þ, i s 2 ð Þ, . . . , i s l ð Þ f g , from K users for a subcarrier s 1 s S ð Þ , where i s l ð Þ indicates the index of the lth 1 l m s ð Þuser allocated to the subcarrier s. Note that the formulae in this article are based on the study of Benjebbour et al. 14 The transmit signal N t 3 1 vector x s at the subcarrier s is given as
where p s i s l ð Þ ð Þ is the allocated transmit power to user i s l ð Þ and d s i s l ð Þ ð Þ is the N t 3 1 coded modulation vector of user i s l ð Þ. The N r 3 1 received signal vector of user i s l ð Þ at the subcarrier s is given as
where h s i s l ð Þ ð Þis the N r 3 N t channel matrix of user i s l ð Þ and w s i s l ð Þ ð Þ is the N r 3 1 noise plus inter-cell interference vector of user i s l ð Þ at the subcarrier s. At the receiver side, the minimum mean square error (MMSE) equalization is processed by multiplication of channel inverse matrix to the received vector. The channel inverse matrix W s i s l ð Þ ð Þis given by
where N s i s l ð Þ ð Þ is the average power of w s i s l ð Þ ð Þ and I N r is the N r -dimensional unit matrix. In addition, we assume that the total transmission power of each subcarrier s is equal to P as follows
It is assumed that the BS knows the channel matrix
Þ at the subcarrier s. Then, the channel power of user i s l ð Þ at the subcarrier s is obtained by
where
Þis the ith eigenvalue of h s i s l ð Þ ð Þ at the subcarrier s. Therefore, nonorthogonal user allocation is carried out based on the channel gain of
At the SIC receiver, we assume that the SIC receiver of user i s l ð Þ can correctly decode the signal of other user(s) j when its chan-
The decoding is carried out in the ascending order of channel gain (i.e. the far user is considered first), and the near users' signal is treated as noise. For example, as shown in Figure 4 , UE1 close to the BS performs an SIC, in which the UE5 signal with a large power reception is first decoded, eliminated from the received signal, and then, the UE1 signal is decoded. UE5, far away from the BS, simply carries out the UE5 decoding because the overlapped UE1 signal is sufficiently attenuated because of the long-distance propagation. There are several methods of interference cancelation for the NOMA-SIC receiver 15 such as codeword-level interference cancelation (CWIC) in which channel decoding is conducted for interference signals and symbol-level interference cancelation (SLIC) in which only demapping of the interference signal is conducted. Because CWIC can obtain a good interference replica by channel decoding, SIC works better and desired decoding results are obtained. However, to decode the far user's codeword, the subcarrier allocation information of the far user is needed, which increases the control traffic. However, SLIC requires only the symbol demapping of far user, which does not require additional allocation information. However, the quality of interference replica is lower than that of CWIC, which degrades the performance. In this study, we adopt SLIC for simplicity.
It is assumed that the near user can correctly decode and eliminate far user signals at the receiver side. The achievable rate of user i s l ð Þ at the subcarrier s per 1 Hz is given by
Furthermore, the user set U s is selected as follows
where U s is the selected user set at the subcarrier s, U is the candidate user set, Q s is the PF scheduling metric, which is given by the summation of users to be allocated, and R s kjU , t ð Þ is the achievable rate of equation (6) at time instance t.
14 Equation (7) is the metric of maximizing system sum rate by taking into account the PF. 16 L k, t ð Þ is the average throughput of user k at time t defined by
where t c is an averaging parameter in the time direction and is set to t c = 20 in this study. The number of user candidate sets in U s is given by
Equation (7) provides a high-capacity allocation while taking into account the PF. In the NOMA scheme, because the user signals are superimposed in the power domain, the power allocation to each user significantly affects the system throughput. As described above, to make SIC work effectively, more power should be allocated to far user and less power should be allocated to near user. As one of its allocation schemes, fractional transmit power control (FTPC) 12 is adopted in this study. In FTPC, the transmit power of user k at the subcarrier s is given as follows
where the parameter a FTPC 0 a FTPC 1 ð Þdenotes the same parameter of the power allocation. When a FTPC = 0, the transmit power is equally allocated to each superimposed user, and when it is close to 1, more power is allocated to the far user.
Proposed NOMA scheme using CDM CDM is a technique in which multiplexed transmission is realized by multiplying spreading code to the transmitted signals. In multicarrier transmission, when the code-spreading is carried out in the frequency domain, the frequency diversity effect is obtained. In this study, Figure 4 . UE receiver structure for two-user NOMA-SIC, where channel gain of UE1 is larger than UE5.
we use the orthogonal Walsh code, often used in code division multiple access (CDMA) as the spreading code. The Walsh code is iteratively calculated by the following equation
The NOMA transmit signal before spreading is denoted as x = x 1 , x 2 , . . . , x L ð Þ T , and the transmit signal of NOMA-CDM is given by
The desired signal is obtained in the receiver after despreading using the same Cw L . Figures 5 and 6 show the system block diagrams of transmitter and receiver, respectively, for the proposed NOMA scheme with CDM. In the BS, input data for each user are nonsystematic convolutional (NSC) coded and modulated by quadrature phase shift keying (QPSK). Then, data are allocated to subcarriers according to the channel condition, and mapping to frequency domain. At this time, in NOMA scheme, data are superimposed according to equation (1). After a frequency-spreading is done, transformed by inverse fast Fourier transform (IFFT), a guard interval (GI) is inserted, and data are transmitted from each antenna. In the receiver, after removing GI, the SIC to be described later and frequency despreading are conducted. Then, data are decoded by soft-decision Viterbi algorithm, and desired data are obtained. In the multicarrier and multiuser CDM, the frequency diversity effect is obtained by extracting allocated subcarriers for each user and codespreading them. In the case of NOMA, because multiple users are allocated at one subcarrier, extract and spreading need to be conducted for the same user pair. Figure 6 . System block diagram of receiver for the proposed NOMA with CDM. Figure 7 illustrates the example of the proposed codespreading in the NOMA scheme. The non-orthogonal user-scheduling is conducted for each subcarrier. Then, the subcarriers of the same user combination are extracted, code-spread, and reallocated to the original subcarriers. Here, the number of allocated subcarriers for each combination is different according to the users' channel condition. However, as shown in equation (11) , the length of the Walsh code is limited to the power of two, and the Walsh code cannot be directly applied to the different length subcarriers. Therefore, in the proposed scheme, all subcarriers for each user set are divided into a power of 2 and spread individually. For example, if the number of allocated subcarriers is 40, it is divided into 32 and 8, and the Walsh codes of 32 and 8 are applied into each subcarrier group for spreading. In the receiver, when the near user subtracts the far user signal in SIC, that signal is code-spread and cannot be directly canceled by simple subtraction. Therefore, as shown in Figure 8 , the near user first despreads the received signal, decodes the far user signal, and again code-spreads the decoded far user signal. After that, the interference replica is subtracted from the received signal, and the interference is canceled. By this CDM, the noise and interference are averaged and the frequency diversity effect is obtained.
Numerical results
We evaluate the performance of the proposed scheme through numerical simulations. As the performance criterion, the average user throughput is calculated. Table 1 shows the simulation conditions. A nonsectorized hexagonal 19-cell model is used, and the users in the center target cell receive an interference signal from the adjacent 18-cell BSs, which have the same transmit power as the target BS. We assume that the cell radius is 500 m. It is assumed that the channel state information of the users in the target cell and the interference channel coefficients to each user from adjacent BSs are perfectly known to the target BS. The number of sub-bands S and the size of fast Fourier transform (FFT) are both 256. The propagation loss is given by L d = 128:1 + 37:6log 10 (r) dB, r in kilometers and the receiver noise density is -169 dBm/Hz, which are the typical values in 4G systems. The link budget parameters are also shown in Table 1 . The carrier frequency is 2 GHz band, and the transmit power of BS is 37 dBm. The bandwidth is 5 MHz, and the average received signal-to-noise ratio (SNR) at the cell edge becomes 20 dB. In the simulation, the users were randomly distributed within the target cell, and the capacity was calculated based on 100 times channel generations. The user distribution was then iteratively changed to 800 times. The number of antennas is 2 3 2 MIMO, and SLIC is used for SIC in the receiver. In addition, to suppress the performance degradation of SLIC, we introduce a parameter b, which is the threshold of the channel gain ratio between multiplexed users. If the channel gain ratio between two users in a candidate user set is less than b, that user set is eliminated in the NOMA scheduling. Figure 9 shows the average user throughput versus b, where the average SNR at the cell edge is assumed to be 20 dB. It can be seen that when b is small, the throughput significantly decreases because of SLIC. In SLIC, the channel decoding of interfered user is not conducted, resulting in incorrect cancelation of the other user when the channel gains between the two users are close. In contrast, when b becomes large, that is, the channel gains of the two users become different, the average throughput increases and saturates at b = 50. Because the pass loss exponent is 3.5, the condition of b = 50 is equivalent to 3.62 times the difference in the distance from the BS to the user on average between the two users. Furthermore, we also compare the average user throughput when the number of maximum superposed users is two and three. In the three-user case, b is applied between adjacent users, in which the difference between the first and the third users is b 2 . As a result, it is found that the user throughput is almost the same in both cases, and b = 50 is the best configuration. However, the probability of three-user superposition was about 0.5% in the simulation but the number of combinations in scheduling largely increases. Therefore, we only consider the two-user superposition in the following.
To evaluate the fairness among users in terms of allocated resources, we used Jain's fairness index (JFI) 17 in this article. JFI is a value between 0 and 1, and is closer to 1 when the difference in the capacity of each user channel is small, that is, fairness is achieved. JFI is calculated by the following equation
where C k is the total channel capacity of user k. Figure 10 shows JFI of each transmission scheme. In the figure, JFI of NOMA when b = 0 is also shown. From Figure 10 , it can be seen that JFI of NOMA is almost the same as OFDMA. In addition, JFI slightly deteriorates when b = 50 because the user pair which maximizes JFI cannot satisfy the condition b = 50, and the subcarrier is allocated to other user. Figure 11 shows the average user throughput versus SNR at the cell edge when b = 50. For comparison, the performance of OFDMA and NOMA without CDM is also plotted. From the result, it can be seen that NOMA improves the performance compared to OFDMA because of the superimposed user multiplexing. In addition, NOMA with CDM effectively improves the throughput because of the frequency diversity effect.
Further improvement of scheduling algorithm
In conventional scheduling algorithm, L k, t ð Þ is fixed in advance as in equation (8) and eliminated as a parameter of equation (7). By making fairness index in equation (8) fixed, the search of equation (7) becomes independent on the order of scheduling, and the allocation can be conducted in ascending order of 1 s S.
Using this method, calculation complexity can be reduced. However, there is room for improvement in the average user throughput and fairness. Then, to improve the performance of the average user throughput and fairness, we change scheduling metric of equation (7) as follows allowing a slight increase in the calculation complexity
where s i is the subcarrier index during the ith subcarrier allocation. In the proposed method, because the allocation history at target time t is taken into account, and the previously allocated capacity is included in the metric, equation (14) depends on the allocation order. Therefore, we use a suboptimal algorithm to conduct equation (14) as follows. 18 1. L k, t ð Þ is calculated using equation (8) and transmission power for all s. Let s = 1. 2. User k having the smallest throughput of
is selected from K users. 3. The subcarrier s i , in which user k can increase the throughput at maximum throughput, is selected from subcarriers not allocated yet. 4. For subcarrier s i , the user(s) are allocated based on equation (14) . Let s ! s + 1 and return to step 2. If all S subcarriers are allocated, the process is finished.
First, in step 1, the initial average throughput of all users is calculated. Next, in step 2, user k having the minimum average throughput is selected, and subcarrier s i , in which user k can increase the throughput at maximum, is set as the subcarrier to be allocated. Then, in step 4, subcarrier s i is allocated to the user(s) based on the NOMA scheduling of equation (14). This algorithm does not guarantee that user k will always be selected in subcarrier s i . However, when this user is selected, their throughput is increased the most compared to the other subcarriers. In addition, in equation (14), it is known that the value of the power of throughput R s in a numerator significantly affects the system throughput. 16 Therefore, in the proposed scheme, to take into account the spreading effect of CDM and b, we assumed that R s is 3/2. The drawback of the proposed scheme is the increase in complexity. When S is the number of subcarriers, the calculation complexity for scheduling of equation (7) is O S ð Þ. In contrast, that of the proposed scheduling of equation (14) becomes O S 2 ð Þ due to the adaptive subcarrier selection. We evaluate the performance of the proposed scheme. Simulation conditions are equal to Table 1 . Figure 12 shows JFI of each scheduling algorithm, where the schemes of equations (7) and (14) are labeled as ''ascending order method'' and ''sequential update method,'' respectively. From the result, it can be seen that the proposed scheme can improve the fairness index compared to the conventional scheme. This improvement of JFI is due to sequential update. Figure 13 shows the average user throughput versus SNR at the cell edge of the proposed scheme and the conventional scheme. The proposed scheme is shown to have a slightly better performance. This is because the probability of users with a small resource allocation decreased using equation (14) . It should be noted that the throughput is basically in a tradeoff with the user fairness index, and in this regard, the proposed sequential update method that improves both is effective even though the throughput enhancement is not large.
From Figures 12 and 13 , we show that the proposed scheme can achieve higher performance in terms of both the average user throughput and the fairness index compared to the conventional scheme.
Conclusion
In this article, we proposed a new NOMA scheme utilizing CDM for downlink cellular systems. After PFbased scheduling, the subcarriers of the same user set are extracted, code-spread, and reallocated. In the receiver, CDM-based SIC is conducted. Numerical results show that an improved average user throughput was obtained because of the frequency diversity effect, particularly when the channel gains of the two superimposed users are significantly different.
In addition, we proposed an improved scheduling scheme, in which both the average user throughput and the fairness index were improved allowing a slight increase in the calculation complexity.
Future studies will consider the user-scheduling scheme for CDM and the application of CWIC.
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